Abstract-One of the main issues in today's cities is related to public safety, which can be improved by implementing a systematic analysis for identifying and analyzing patterns and trends in crime also called crime mapping. Mapping crime allows police analysts to identify crime hot spots, moreover it increases public confidence and citizen engagement and promotes transparency.
I. INTRODUCTION
Crime analysis [1] is a set of systematic, analytical processes directed at providing timely and pertinent information relative to crime patterns and trend correlations in order to assist the police in crime reduction, prevention, and evaluation. Crime mapping [2] is the process of using a geographic information system (GIS) to conduct spatial analysis of crime problems.
In Italy, the National Institute of Statistics, ISTAT, studies the crime rates across the country by measuring how many reports are collected from Police for the different type of offenses in the main Italian cities. Regarding the thefts and robberies reported, Italy ranks fifth in the EU ranking after Denmark, Belgium, The Netherlands, and Sweden, in 2015, with 393 home burglaries per 100,000 inhabitants.
Within the Italian country, the data from CENSIS [3] shows that in 2016 the reported crimes in Italy were 2,487,389, the 8.2% less than in 2008. Figure 1 shows the trend of the Figure  2 reports the incidence of reported crimes per 100,000 inhabitants in the different province of Italy, in 2016.At the top of the list for the number of reported crimes there was Milan, with 237,365 offenses, and an incidence of 7.4 crimes per 100,000 inhabitants, followed by Rimini (7.2), Bologna (6.6), and Turin (6) . Homicides, robberies, and thefts decrease, but pick-pocketing, home burglaries, traditional scams, and on the Internet grow. In 2016, 162.154 pickpockets were reported, with an average national incidence of 2,7 pickpockets per 1,000 inhabitants, and an increase of the 31% from 2008 When public datasets are not available we can rely on newspapers. Newspapers are a source of (mostly) authentic and timely information and many of them make an electronic version available online. There is a large amount of information available in newspaper articles, such as crimes or accidents. By using information extraction techniques the valuable information available in a human-readable form in newspapers can be mined and extracted into structured crime reports.
This paper focuses on performing crime mapping on a medium-size city that does not provide open data by crawling data from local newspapers. The information extracted is used to localize crime on a map in order to detect the more risky areas. Section II describes related work on crime mapping. Section III illustrates the process used to build the theft map for the province of Modena. Section IV sketches out some conclusions and future work.
II. CRIME MAPPING FOR INCREASING URBAN SECURITY
The crime mapping is the analysis of the criminal phenomena that occur in a city, according to their geographical distribution: street by street, square by square. It allows locating crimes to identify the areas at risk, performing the hot-spot detection, crime comparison, crime pattern visualization, etc. The use of digital urban crime maps for public consumption is relatively recent. Chainey and Tompson [4] date the use of computer-generated crime maps in the UK to the late 1990s, and internet-based crime maps to the early 2000's.
Crime maps [5] are particularly relevant in crime analysis, they are a meaningful source of information for several actors: citizen, politics and law enforcement agencies. Geographic visualizations offer the citizens a means by which they can zoom in on particular neighborhoods and see at a glance the types of criminal activity taking place in the chosen area within a defined temporal period. Crime maps can support police officers by identifying crimes that have occurred recently, or crime problem areas also called "hot spot". Governments take advantage of crime maps for implementing or monitoring the impact of crime prevention initiatives, to communicate crime statistics to the public. Moreover, investors can use this information when they want to find suitable areas for investment; tourists and tourist agents exploit crime maps when they are planning their tours. However, the display of crime maps can also lead to some drawbacks, such as the isolation of certain neighborhoods.
Crime pattern analysis by using text mining techniques is not a new approach, as proposed in [6] , text mining techniques can be applied on large collections of police information reports in order to extract correlations between hidden patterns, such as locations, event types, weapons or narcotics involved. When police information is not directly available, it is also possible to detect crime patterns from newspapers [7] . In [8] a system that employs a names entity recognition algorithm (NER) to identify locations in sentences and uses conditional random field (CRF) to classify sentences into crime location has been developed. Another system was developed in [9] to extract and analyze available drug crime information in online newspaper articles. Sharma V. et al. in [10] develops a system for analyzing newspaper crime reports for identification of safe transit paths. When considering newspapers as a source of crime information, it is crucial to take into consideration that they are looking for crime stories that have some news value and that are of interest to the community. Therefore only a few of the police reports will be transformed in news. The news value depends on several factors, such as seriousness, size of the community, the nature of the crime and the identity of the victim or criminal.
Since crime open data are not often available in Italian cities, crime mapping projects encounter some difficulties. However, we found some noticeable work. For the Milan area, the data journalist Daniele Belleri creates a blog called "Il giro della nera" 4 . In his work, Belleri classified the crimes committed in Milan by their types and shown them on a map with specific icons. Belleri used and integrated several sources of crime information: online newspapers (Corriere della Sera, La Repubblica, Il Giornale, Libero, Cronaca Qui), press agencies (Ansa, Omnimilano), online publications (Milano Today, Cronaca Milano) and publications of the Milan Police Headquarters (Fatti del giorno). Two other examples are reported for the cities of Livorno 5 and Venice 6 . The crime map of Livorno, published by the Italian newspaper "Il Tirreno", shows homicides, robberies, thefts, sexual violence, drug, scams, stalking in the city of Livorno and its province in 2011. The map of Venezia, a work of Davide Busato, is created by extracting data from historical archives and shows the homicides within the city in the 17th and 18th centuries.
III. MODENA THEFT MAP
Modena is a medium city of 185,000 inhabitants and a province that counts 700,000 citizens on the south side of the Po Valley, in the Emilia-Romagna region of northern Italy. Modena is a municipality actively working for increasing security in the city 7 . As a consequence, from 2011 to 2014, there was a decrease in thefts in Modena.
Our work focused on collecting information about thefts in the city and province of Modena, and localizing these events on a map. Since Modena does not provide any open data about crimes, our choice was to collect crime information from local newspapers. The following subsections describe the method used for the data collection, the newspaper considered for the population of the crime database and the implementation of a web application (as shown in Figure 4) .
A. Method
In our system, crime analysis such as crime comparison, hot spot detection, map visualization are done using online 7 https://www.comune.modena.it/politichedellesicurezze/sicurezza-urbana The flow chart of the proposed methodology is illustrated in Figure 3 . Newspaper articles are mined using a focused crawler, i.e. a Java application that connects to the section about the thefts on the newspaper website. The application parses the content of each page, detects the useful information and stores them in a database (some examples are shown in Table I ).
In particular, the main information stored are the following:
• the URL of the news,
• the title of the news,
• the description,
• the address where the theft took place (municipality, area, and street),
• the date and the time of publication of the news,
• the stolen object (this item is extracted from the description and the title by using a text analysis tool). By using an automatic text analysis tool, we identify and extract the stolen object from the title and description of the news. The geocoding, i.e. the process of deriving the latitude and the longitude coordinates from a textual address, was performed by the Google Maps Geocoding API 8 . Every time the application is executed, the news published on the website, In the end, crime analysis operations are performed on the crime items. The creation of diagrams, statistics, maps and time trends is performed and the results are embedded in the web application. Through the graphical user interface of the web application, users can fulfill the following operations:
• Crime Map analysis -locating on a map the crimes happened in a specific month;
• Density Crime Map visualization -displaying of a heat map that localize critical area for a specific year;
• Hot spot detection -identifying the number of crimes per district within the city or cities within the province;
• Crime comparison -comparing the number of crimes to get an idea about the growth or decrease of thefts over the time.
B. Theft reports in Modena
We collected the news about the thefts from the site of the local newspaper "ModenaToday" 9 . ModenaToday is an online newspaper that collects the voice of those who live in Modena and its province. The ModenaToday website has 287,000 users, and counts 492,000 visits per month, with 856,000 pages explored each month. It reaches more than 50,000 likes on its Facebook page. The goal of the newspaper is to tell the chronicles of the neighborhoods and give a voice to the citizens about local problems. On the newspaper website, news of 7 years ago are still available. The news related to thefts collected from May 2011 till April 2018 are 1679; their distribution for each year is shown in Table  II . The data must be analyzed considering that in 2011 the news reported are related to the last eight months of the year and in 2018 we analyzed the first four months. For an easy comparison, the average number of thefts per month is reported for each year. 9 http://www.modenatoday.it/tag/furti/ Only a few of the police reports will be transformed in news. In the province of Modena, the total number of thefts was 2927 in 2015 and 4070 in 2016, that gives an average of 240-360 thefts per month. As it can be seen in Table II , the thefts reported to the attention of public opinion by the newspaper are nearly one order of magnitude lower, around 15-24 thefts per month. In the news collected the date is always specified, while the geolocalization is not specified in 380 cases (23% of the total news). This is due to the fact that the address is not complete, it might miss some data such as the street, or the municipality, thus, the Google Maps Geocoding API is not able to find latitude and longitude. These theft reports are not shown on the map but they are taken into account to create the statistics.
C. Web application
Once the data have been collected, we have created a Java Web application to generate the theft maps. The application is available online 10 and takes in input the month and the year of interest, connects to the database and retrieves the information on the thefts in the specified period. It employs Polymaps JavaScript library using Scalable Vector Graphics for creating the maps.
The web application enables the map browsing. In the home page, the user can choose to select the month and year of interest and view the map or watch the statistics. By selecting the month and year, the map appears as shown in Figure 4 . Several pins are displayed on the map describing the location of crimes.
A density theft map (also called heat map) is created by taking into account all the geolocalization of the thefts per year (see Figure 5 ). The areas colored in green represent the locations with the fewest number of thefts registered. The orange and yellow areas are the one with a medium/high density of thefts recorded. The red color characterizes the zone with the highest density. We built the heat maps inspired by the achievements of our earlier work on road safety [11] . Figure 6 shows the number of theft reports in each neighborhood of the city of Modena grouped by year. In this Figure, it is possible to compare the number of thefts in 2015 and 2016 happened in the different neighborhoods of the city, in the city center, or in the peripheral areas. By selecting the statistics, it is possible to navigate line charts, histograms and density maps. Figure  7 shows the monthly distribution of theft reports.
IV. CONCLUSION AND FUTURE WORK
This paper described an interactive visually oriented web application providing summarized information about thefts in an Italian province. The application extracts basic semantic information about particular thefts from newspaper articles and builds a structured database of thefts. Extracted data are visualized based on user-defined queries on maps or in form of graphs. This paper has shown the great opportunity of crime mapping even in a medium-size city as Modena. Crime mapping is a means for law enforcement agencies to understand where to focus their interventions and for the government to think about a redevelopment of critical neighborhoods. Putting crime maps available to all citizens provide more transparency and is a great advantage for everyone's personal safety.
Future work will go in several directions. Since the most critical aspect is the unavailability of official data, we will work seeking a collaboration with law enforcement agencies to manage crime data in real time. On the other hand, the analysis and integration of crime news from other local newspapers will be undertaken, this will also necessitate an additional step for the de-duplication of news. It can be also considered the possibility of representing more types of crimes and not just thefts. Topic detection [12] on the text of the news might enhance the results. Once more and complete information is collected, we can start sophisticated analysis like crime prediction, i.e. the prediction process of guessing the future which may or may not happen in the future based on the past and present incidents. Another important step is to transform the stored information in linked open data. Linked open data allows to easily integrate datasets thus discovering new knowledge, for example correlating socioeconomic factors and crime. This can be done by following some of our previous approaches [11] , [13] , [14] .
